Neuroaxonal dystrophy in PLA2G6 knockout mice.
The PLA2G6 gene encodes group VIA calcium-independent phospholipase A2 (iPLA2 β), which belongs to the PLA2 superfamily that hydrolyses the sn-2 ester bond in phospholipids. In the nervous system, iPLA2 β is essential for remodeling membrane phospholipids in axons and synapses. Mutated PLA2G6 causes PLA2G6-associated neurodegeneration (PLAN) including infantile neuroaxonal dystrophy (INAD) and adult-onset dystonia-parkinsonism (PARK14), which have unique clinical phenotypes. In the PLA2G6 knockout (KO) mouse, which is an excellent PLAN model, specific membrane degeneration takes place in neurons and their axons, and this is followed by axonal spheroid formation. These pathological findings are similar to those in PLAN. This review details the evidence that membrane degeneration of mitochondria and axon terminals is a precursor to spheroid formation in this disease model. From a young age before the onset, many mitochondria with damaged inner membranes appear in PLA2G6 KO mouse neurons. These injured mitochondria move anterogradely within the axons, increasing in the distal axons. As membrane degeneration progresses, the collapse of the double membrane of mitochondria accompanies axonal injury near impaired mitochondria. At the axon terminals, the membranes of the presynapses expand irregularly from a young age. Over time, the presynaptic membrane ruptures, causing axon terminal degeneration. Although these processes occur in different degenerating membranes, both contain tubulovesicular structures, which are a specific ultrastructural marker of INAD. This indicates that two unique types of membrane degeneration underlie PLAN pathology. We have shown a new pathological mechanism whereby axons degenerate due to defective maintenance and rupture of both the inner mitochondrial and presynaptic membranes. This degeneration mechanism could possibly clarify the pathologies of PLAN, Parkinson disease and neurodegeneration with iron accumulation (NBIA), which are assumed to be due to the primary degeneration of axons.